Natural products play a very important role in the new drug discovery and development. Many developing countries depend to a large extent on the traditional system of healthcare largely comprising of medicinal plants and their products. But in comparison to the allopathic system, herbal remedies have been scientifically validated to a lesser extent. The knowledge about the bioactivity of phytomedicinal compound, its potential mode of action and target site identification will help in its utilisation as alternative therapeutic agent [1] . Drugs derived from natural products such as morphine, codeine (from opium poppy), digoxin (from digitalis leaves), atropine and hyoscine (from Solanaceae plants) are all clinically used. Solanum nigrum, also belonging to Solanaceae, is widely used in many traditional systems of medicine worldwide for disparate ailments but has recently garnered attention for the modern therapeutic approaches.
S. nigrum is a herbal plant found in most parts of the world. Various epidemiological studies have indicated that S. nigrum protects against various ailments [2] . It has been used traditionally for the treatment of bacterial infections, cough and indigestion. This plant has also been investigated for antiproliferative [3, 4] , antiseizure [5] , antioxidant [6] , antiviral [7] , antiinflammatory [8] and hepatoprotective effects [9, 10] .
S. nigrum has been reported to possess various compounds, which are responsible for diverse activities. The main active constituents reported are glycoalkaloids, glycoproteins and polysaccharides [2, 3, 6] . These phytochemicals are known to possess various activities. Both the crude extract and the isolated components of S. nigrum have been shown to possess antiproliferative activity on various tumour cell lines such as HepG2 [11, 12] (liver), HT29 [12] and HCT-116 [13] (colon), MCF-7 [14] (breast), U-14 [15] and HeLa [16] (cervical). It has been reported that biological activity of the extract may vary based on its extraction method [17] .
In the present study, we have carried out a preliminary investigation of the antiproliferative effect of the organic and aqueous extracts of S. nigrum on human leukemic cell lines, Jurkat and HL-60. We found that S. nigrum extract (SNE) reduced cell viability in a dose-dependent manner.
S. nigrum was collected from a local nursery at Noida, UP, India and was authenticated by comparing the morphological features. It was planted in the Institute's nursery and was regularly monitored.
Short Communications
Ripe berries collected from S. nigrum plant were crushed into fine powder and 10 g was extracted with methanol and ethanol separately using a Soxhlet apparatus. The collected organic extract was concentrated in a rotary evaporator under reduced pressure.
To prepare aqueous extract, 10 g of the sample powder was suspended in 25 ml of HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) buffer (pH 8.0) containing 1 mM NaCl as described earlier [18] . The solution was incubated at 25° for 1 h and then filtered using the millipore filter of 0.45 µm. The filtrate was centrifuged following incubation at 90° for 10 min and the supernatant was used.
Jurkat and HL-60 cell lines were cultured in Roswell Park Memorial Institute (RPMI)-1640 supplemented with 100 U/ml penicillin, 100 µg/ml streptomycin and 10% fetal bovine serum. All cell cultures were maintained in humidified atmosphere of 5% CO 2 at 37°. For cell viability assay, Jurkat and HL-60 cells were seeded in 96 well tissue culture plates at 1×10 5 cells/ml and incubated at 37°, 5% CO 2 for 24 h to allow the cells to adhere to the plate. Subsequently the cells were treated with different dilutions of the SNE for 48 h at 37° and 10 µl of MTT (5 mg/ml) was added to each well and again incubated for 4 h at 37°. Lastly, the formazan produced was solubilized by adding dimethyl sulphoxide and absorbance was measured at 570 nm in an enzyme-linked immunoabsorbent assay microplate reader. The readings obtained were used to calculate the cell viability ([A experimental / A control ]×100) and IC 50 value [19] . The IC 50 value, i.e., the concentration required to inhibit 50% of cells viability was determined by plotting the log of the drug concentration versus the percent inhibition. Best-fit line was plotted by least-squares linear regression. The 50% inhibitory concentration (IC 50 ) was calculated from the linear-regression equation: Log (CV 50 )=m×log (IC 50 )+c; where m is regression coefficient, c is intercept of the line, log (IC 50 ) is the log of the 50% inhibitory concentration of the extract and log (CV 50 ) is the log value of 50% cell viability.
The cytotoxic effects of various concentrations of aqueous and organic extracts of SNE were analysed on leukemic cell lines, Jurkat and HL-60.
Jurkat is acute T-cell leukemic cell line and HL-60 is a promyelocytic cell line. Both of these cell lines are of human origin. Jurkat and HL-60 cells were treated with the increasing concentrations of SNE (methanol, ethanol and aqueous) for 48 h and their viability was evaluated using MTT assay. The cytotoxicity of all three extracts was found to be concentration-dependent ( fig. 1) . In another study, the crude extract of S. nigrum was also shown to exert dose-dependent response in the hepatic cancer cell line HepG2 inducing different responses in the cells at low and high extract concentration. It was reported that the hepatic cells underwent apoptosis upon treatment with higher concentration whereas lower concentration resulted in autophagocytosis [19] . Moreover, another recent study reported the antitumor potential of S. nigrum fruits on HeLa cell line whereas its effect on Vero, normal monkey kidney cell line, was less prominent concluding that this drug has considerable anticervical cancer activity [16] .
The methanol SNE was more effective as compared to other extracts towards both Jurkat T cell line (IC 50: 3 mg/ml) ( fig. 1a) and HL-60 promyelocytic cell line (IC 50: 4.8 mg/ml) (fig. 1b) ; whereas its effect was more pronounced on Jurkat cells. The IC 50 value of aqueous SNE was found to be twice that of methanol SNE on Jurkat cells. These results suggest that methanol was more efficient in extracting the active compound from the crude extract as compared to ethanol and water based solvent.
Recently, the antiproliferative effect of S. nigrum has also been shown against various cancer cell lines. The antitumour effect of SNE has been indicated due to the presence of polysaccharide [20] , glycoalkaloids [11] or glycoproteins [15, 16] . The polysaccharides have been shown to exert antiproliferative effect due to their immunomodulatory properties whereas glycoalkaloids and glycoproteins have been shown to activate the proapoptotic factors or inhibit the transcription factors playing an important role in tumour progression.
Thus the organic and aqueous SNE were cytotoxic in dose dependent manner on two different leukemic cell lines, i.e. Jurkat and HL-60. The SNE mediated inhibition of cell growth was found to be more pronounced on Jurkat cells as compared to HL-60 cell line. These studies suggest the beneficial potential of S. nigrum as an antitumour agent although the mechanism of action behind it remains to be elucidated.
